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EXTRUSION MOLDING APPARATUS FOR CE RAMIC MOLDED PRODUCT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an extrusion 
molding apparatus for molding a ceramic molded product 
such as a honeycombed structure, 

2 . Description of the Related Art 

A ceramic molded product 8 having a honeycombed 
structure, which is configured so that partitioning walls 
81 for partitioning a multiplicity of cells 88 formed 
through in an axial direction are arranged in the form of 
a honeycomb as shown in Fig- 16, for example, is used as 
a catalyst carrier of an exhaust gas purification system 
of automobiles. This ceramic molded product 8 is 
generally fabricated by extrusion molding of a mixed 
ceramic material 80 (Fig. 17), 

An extrusion molding apparatus for the ceramic 
molded product 8, as shown in Fig- 17 as an example, 
comprises a shaping die 91 for molding a honeycombed 
structure, and two screw extruders 9 8 in two stages for 
mixing and extruding the ceramic material 80 
continuously . 

The two screw extruders 98 may be replaced with 
either three or more screw extruders or a single screw 
extruder with equal effect. 

As shown in Fig- 17, the ceramic molded product 
8 is molded using an extrusion molding apparatus 9 having 
the two screw extruders 98 in such a manner that the 
ceramic material 80, supplied to the upper screw extruder 
98 is mixed and advanced by the upper screw extruder 98 
and, through a filter 94, is supplied further to the 
lower screw extruder 98. The lower screw extruder 9 8 
mixes and advances the supplied ceramic material 80, and 
extrudes it from a shaping die 91 through a filter 93 and 
a resistance pipe 92. In this way, the honeycombed 
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ceramic molded product 8 is produced. 

At least the lower screw extruder 98 has built 
therein an extruding screw 99 for extruding the ceramic 
material 80 toward the shaping die 91. This extruding 
5 screw 9 9 is so configured as to mix the ceramic material 
80 while at the same time pressing the ceramic material 
80 toward the shaping die 91 to thereby extrusion-mold 
the ceramic material 80 (See Japanese Unexamined Patent 
Publication No. 2000-238022, for example). 
10 as shown in Fig. 18, however, the ceramic 

molded product 8 extrusion-molded by the screw extruders 
98 develops an uneven portion 89 high in density and low 
in fluidity of the ceramic material 80 at a position 
corresponding to the axial center of the extruding screw 
15 99. This uneven portion 89 represents a portion where 
the ceramic material 80 pressed along the outer surface 
of the extruding screw 99 and increased in density is 
concentrated. In the case of a white ceramic material, 
this uneven portion 89 is visible as a black portion as 
20 compared with the surrounding portions. 

A conventional extrusion molding apparatus, 
proposed to eliminate this uneven portion, as shown in 
Fig. 19, is configured of at least the lower screw 
extruder 98 having built therein an extruding screw 99 
25 including a pressing screw portion 991 for pressing the 

ceramic material 80 toward a shaping die 91 and a 
dispersing screw portion 992 located on the same axis as 
the pressing screw portion 991 at the forward end 
thereof. The dispersing screw portion 992, as shown in 
30 Fig. 20, for example, can improve the uniformity of the 
ceramic material 80 by dispersing the uneven portion 89 
thereof in a comma pattern or a swirl pattern (See 
Japanese unexamined Patent Publication No. 2002-234012, 
for example ) . 

35 The conventional extrusion molding apparatus 

described above, however, has yet to solve the problem 
described below. 
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Specifically, the mere dispersion of the 
ceramic material by the dispersing screw cannot attain a 
uniform density or a uniform fluidity in some cases. 
Especially in extrusion molding of a ceramic molded 
5 product of a honeycombed structure having thin 

partitioning walls, this problem often presents itself 
conspicuously. Specifically, in the case where the 
density and fluidity of the ceramic material are uneven, 
different partitioning walls develop different molding 
10 rates. The distortion caused by different molding rates 
is highly liable to deform the ceramic molded product as 

a whole. 

SUMMARY OF THE INVENTION 

This invention has been achieved in view of the 
15 above-mentioned problems of the prior art, and the object 
of the invention is to provide an extrusion molding 
apparatus capable of extrusion molding a highly 
homogeneous ceramic molded product. 

According to a first aspect of the invention, there 
20 is provided an extrusion molding apparatus for a ceramic 

molded product, comprising a shaping die for molding a 
ceramic molded product and a screw extruder having built 
therein an extruding screw for mixing a ceramic material 
while at the same time moving the ceramic material 
2 5 forward, 

wherein the extruding screw includes a pressing 
screw portion for pressing the ceramic material toward 
the shaping die and a dispersing screw portion arranged 
on the same axis as the pressing screw portion adjacently 
30 to the forward end of the pressing screw portion, 

wherein the pressing screw portion assumes the 
shape of an axially spiraled ridge and has a first lead 
of at least one thread having a first lead surface facing 
forward, 

35 wherein the dispersing screw portion assumes 

the shape of an axially spiraled ridge and has a second 
lead of at least one thread having a second lead surface 
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facing forward, and 

wherein a peripheral gap is formed between the 
rear end of all the second lead surfaces at the rear end 
of the dispersing screw portion and the forward end of 
5 the first lead surface at the forward end of the pressing 
screw portion. 

The most notable feature of the extrusion molding 
apparatus according to the first aspect of the invention 
described above is the fact that a peripheral gap is 
10 formed between the rear ends of all the second lead 

surfaces at the rear end of the dispersing screw portion 
and the forward end of the first lead surface at the 
forward end of the pressing screw portion. Specifically, 
the first lead surface of the first lead is discontinued 
15 at the forward end of the pressing screw portion and not 
closely adjacent to the second lead surface. 

In the pressing screw portion, the ceramic material 
is pressed by the first lead surface and led forward 
along the first lead surface. In the process, an uneven 
20 portion high in density and low in fluidity of the 

ceramic material is liable to develop in the neighborhood 
of the first lead surface. This uneven portion, if any, 
moves along the first lead surface and is led into the 
dispersing screw portion. 
25 m the extrusion molding apparatus described above, 

a gap is formed between the second lead surface of the 
dispersing screw portion and the first lead surface of 
the pressing screw portion. 

The uneven portion of the ceramic material that has 
30 advanced along the first lead surface is not directly 
made to advance along the second lead surface of the 
dispersing screw portion. When led into the dispersing 
screw portion, the uneven portion is remixed and 
dispersed by being introduced to the valleys formed 
35 between adjacent second leads. 

In the first aspect of the invention, therefore, an 
extrusion molding apparatus is provided in which the 
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ceramic material having become uneven in the pressing 
screw portion can be made uniform by being remixed in the 
dispersing screw portion, thereby making it possible to 
mold, by extrusion, a highly homogeneous ceramic molded 
product. 

According to a second aspect of the invention, there 
is provided an extrusion molding apparatus for a ceramic 
molded product, comprising a shaping die for molding a 
ceramic molded product and a screw extruder having built 
therein an extruding screw for mixing the ceramic 
material while at the same time leading the ceramic 

material forward, 

wherein the extruding screw includes a pressing 

screw portion for pressing the ceramic material toward 
15 the shaping die and a dispersing screw portion arranged 

on the same axis as the pressing screw portion adjacently 

to the forward end of the pressing screw portion, 

wherein the pressing screw portion assumes the 

shape of an axially spiraled ridge and has a first lead 
20 of at least one thread having a first lead surface facing 

forward, 

wherein the dispersing screw portion assumes 
the shape of an axially spiraled ridge and has a second 
lead of at least one thread having a second lead surface 

2 5 facing forward, and 

wherein at least a part of the surface of the 
dispersing screw portion has a differently-shaped portion 
having a surface shape different to the surrounding 
portion . 

30 A notable feature of the extrusion molding apparatus 

according to the second aspect of the invention is the 
fact that a differently-shaped portion having a surface 
shape different to the surrounding portion is formed on 
at least one of the second lead surface, the reverse 

35 surface thereof and a surface constituting a valley 

between adjacent second leads of the dispersing screw 
portion. 
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As a result, the ceramic material in the dispersing 
screw portion develops a turbulent flow due to the 
differently-shaped portion. This turbulent flow promotes 
the mixing of the ceramic material and can thus improve 
5 the dispersion effect thereof. 

The differently-shaped portion described above, 
therefore, eliminates the uneven portion of the ceramic 
material by efficient mixing and dispersion. 

Also, the differently-shaped portion has the effect 
10 of suppressing the creation of a new uneven portion of 
the dispersing screw portion. 

As described above, in the second aspect of the 
invention, an extrusion molding apparatus is provided in 
which the uneven portion of the ceramic material can be 
15 efficiently dispersed in the dispersing screw portion. 
At the same time, an uneven portion of the dispersing 
screw portion is prevented from being created and a 
highly homogeneous ceramic molded product can be molded 
by extrusion. 

20 The differently-shaped portion described above may 

alternatively be arranged in the pressing screw portion, 
in this case, an uneven portion of the ceramic material 
can be prevented from developing in the pressing screw 
portion . 

25 The present invention may be more fully understood 

from the description of preferred embodiments of the 
invention, as set forth below, together with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 In the drawings: 

Fig. 1 is a sectional view of an extrusion molding 
apparatus according to a first embodiment of the 
invention . 

Fig. 2 is a side view of an extruding screw 
35 according to the first embodiment of the invention. 

Fig. 3 is a sectional view taken along line III-IH 
in Fig. 2 showing an extruding screw according to the 



first embodiment. 

Fig. 4 is a sectional view of another extrusion 
molding apparatus according to the first embodiment of 
the invention. 

Fig. 5 is a side view of another extruding screw 
according to the first embodiment of the invention. 

Fig. 6 is a side view of an extruding screw 
according to a second embodiment of the invention. 

Fig. 7 is a front view of depressions according to 
the second embodiment. 

Fig. 8 is a sectional view of depressions according 
to the second embodiment. 

Fig. 9 is a front view of other depressions 
according to the second embodiment. 

Fig. 10 is a front view of still other depressions 
according to the second embodiment. 

Fig. 11 is a sectional view of yet other depressions 
according to the second embodiment. 

Fig. 12 is a front view of further depressions 
according to the second embodiment. 

Fig. 13 is a side view of an extruding screw 
according to a third embodiment of the invention. 

Fig. 14 is an enlarged side view of a dispersing 
screw portion according to the third embodiment. 

Fig. 15 is an enlarged side view of another 
dispersing screw portion according to the third 
embodiment . 

Fig. 16 is a perspective view of a ceramic molded 
product having a honeycombed structure according to the 
prior art. 

Fig. 17 is a sectional view of an extrusion molding 
apparatus according to the prior art. 

Fig. 18 is a front view of a ceramic molded product 
according to the prior art. 

Fig. 19 is a sectional view of an extrusion molding 
apparatus according to the prior art. 

Fig. 20 is a front view of a ceramic molded product 
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according to the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First embodiment) 

An extrusion molding apparatus for a ceramic molded 
5 product according to an embodiment of the invention will 
be explained with reference to Figs. 1 to 3 . 

An extrusion molding apparatus 1 according to this 
embodiment, as shown in Fig. 1, comprises a shaping die 
for forming a ceramic molded product 8, and a screw 
10 extruder 4 having built therein an extruding screw 4 0 for 
mixing the ceramic material 80 while at the same time 
leading it forward. 

The extruding screw 40 includes a pressing screw 
portion 410 for pressing the ceramic material 80 toward 
15 the shaping die 11 and a dispersing screw portion 420 

arranged on the same axis as the pressing screw portion 
410 adjacently to the forward end 412 of the pressing 
screw portion 410. 

The pressing screw portion 410, as shown in Fig. 2, 
20 assumes the shape of a ridge spirally formed in an axial 
direction and includes a first lead 411 having a first 
lead surface 416 facing forward. 

The dispersing screw portion 420 assumes the shape 
of a ridge extending spirally in an axial direction and 
25 includes two threads of a second lead 421 having a second 
lead surface 426 facing forward. 

As shown in Fig. 2, a peripheral gap 44 (Fig. 3) is 
formed between the rear ends of all the second lead 
surfaces 426 at the rear end 422 of the dispersing screw 
30 portion 42 0 and the forward end of the first lead surface 
416 at the forward end 412 of the pressing screw portion 
410. 

This configuration will be explained below in 
detail . 

35 The ceramic molded product 8 to be produced by 

extrusion molding according to this embodiment 
constitutes a honeycombed structure used as a catalyst 
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carrier of an exhaust gas purification system of 
automobiles, as shown in Fig. 16. This honeycombed 
structure has a multiplicity of cells 88 defined by 
partitioning walls 81 of ceramic. Especially, the 
5 partitioning walls 81 of the ceramic molded product 8 

according to this embodiment have a thickness of 7 5 um in 
order to improve the purification performance by 
suppressing the exhaust gas flow resistance of the 
honeycombed structure. 
10 The extrusion molding apparatus 1 for the ceramic 

molded product 8 according to this embodiment, as shown 
in Fig. 1, comprises a shaping die 11 for shaping the 
ceramic molded product 8, a screw extruder 4 for 
supplying the ceramic material 80 to the shaping die 11 
15 and a filter 3 for filtering the ceramic material 80 at 
an extrusion port 41 of the screw extruder 4. 

The filter 3, as shown in Fig. 1, includes a 
filtering net 30 and a support member 35 for supporting 
the filtering net 30. The support member 35 is formed 
20 with a multiplicity of through-holes 350 for passing the 
ceramic material 80. The filtering net 30 is formed of a 
metal net of mesh 200. 

The screw extruder 4, as shown in Fig. 1, has built 
therein an extruding screw 40 in a cylindrical outer wall 
25 unit 49. The extruding screw 40 includes a pressing 
screw portion 410 and a dispersing screw portion 42 0 
arranged adjacently to the forward end 412 of the 
pressing screw portion 410. 

The pressing screw portion 410, as shown in Fig. 2, 
30 has a thread of a first lead 411. The pressing screw 

portion 410 presses the ceramic material 80 by the first 
lead surface 416 of the first lead 411 and advances the 
pressed ceramic material 80 toward the shaping die 11. 

The dispersing screw portion 420, as shown in Fig. 
35 2, has two threads of a second lead 421. The dispersing 
screw portion 420 disperses and homogenizes the ceramic 
material 80 by the second lead 421. A valley 427 is 
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formed between adjacent turns of the second lead 421. 

The peripheral positions of the threads of the 
second lead 421 of the dispersing screw portion 420 are 
displaced in the direction of rotation in such a manner 
as to form a gap 44 (Fig. 3) between all the second lead 
surfaces 426 at the rear end 422 and the first lead 
surface 416 at the forward end 412. 

The displacement angle Rg, as shown in the sectional 
view of Fig. 3 taken along line III-III in Fig. 2, is 60 
degrees with respect to the peripheral position where any 
of the second lead surfaces 426 of the rear end 422 
coincides substantially with the first lead surface 416 
of the forward end 412. In Fig. 3, in order to clarify 
the relative positions of the forward end of the first 
15 lead and the rear end of the second lead, the positions 
of the rear ends of the second lead surfaces 426 are 
indicated by dotted lines. Also, the displacement angle 
Rg is indicated with the rotational direction of the 
dispersing screw portion 420 as a positive direction. 

Next, an explanation will be given about a method of 
extrusion-molding the ceramic molded product 8 by the 
extrusion molding apparatus 1 having the above-mentioned 
configuration . 

in extrusion-molding the ceramic molded product 8 by 
this extrusion molding apparatus 1, as shown in Fig. 1, 
the first step is to charge the ceramic material 80 into 
the screw extruder 4 from the upstream side of the screw 
extruder 4. This ceramic material 80 is pressed by the 
first lead surface 416 of the first lead 411 of the 
pressing screw portion 410 and advanced toward the 
dispersing screw portion 420. 

in the process, the ceramic material 80 located on 
and in the neighborhood of the first lead surface 416 
making up the forward surface of the first lead 411 in 
35 the direction of extrusion is pressed to a high density. 
The ceramic material 80 thus increased in density, as 
compared with the low-density portion thereof, is reduced 
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in fluidity. This uneven portion composed of the ceramic 
material high in density and low in fluidity advances as 
it is along the first lead surface 416 of the first lead 
411 and is introduced into the dispersing screw portion 
420. 

As described above, the gap 44 is formed in 
peripheral direction, as shown in Fig. 3, between the 
first lead surface 416 at the forward end 412 of the 
pressing screw portion 410 and the second lead surfaces 
426 at the rear end 422 of the dispersing screw unit 420. 
The uneven portion that has advanced along the first lead 
surface 416 of the first lead 411, therefore, is not 
directly led along the second lead surfaces 426 of the 
dispersing screw portion 420. Instead, the uneven 
portion is introduced into the valley 427 of the 
dispersing screw portion 420 and, after being remixed, is 
dispersed into a uniform state. 

As shown in Fig. 1, the ceramic material 80 that has 
been remixed into a uniform state by the dispersing screw 
portion 420 is charged into the filter 3 to remove 
foreign matter and the like, and then charged into the 
shaping die 11. Using this shaping die 11, a ceramic 
molded product 8 having a honeycombed structure is molded 
by extrusion. 

As described above, the ceramic molded product 8 
molded by extrusion according to this embodiment is a 
honeycombed structure having so high a quality that the 
molding rate difference is small between the partitioning 
walls 81, and the walls are rarely deformed after 
molding. 

As described above, with the extrusion molding 
apparatus 1 according to this embodiment, the uneven 
portion of the ceramic material 80 generated by the 
pressing screw portion 410 is mixed and dispersed again 
into a uniform state by the dispersing screw portion 420. 

Especially, with the extrusion molding apparatus 1 
according to this embodiment, the uneven portion 
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generated along the first lead surface 416 of the first 
lead 411 is not directly advanced along the second lead 
surfaces 416 of the second leads 421. Specifically, the 
uneven portion of the ceramic material 80 is charged into 
5 the valley 427 and mixed as it is introduced into the 
dispersing screw portion 420. 

As a result, the extrusion molding apparatus 1 
according to this embodiment can exhibit a high 
dispersion effect as compared with the extrusion molding 
10 apparatus 90 (Fig. 19) having the conventional dispersing 
screw 992. 

in this way, with the extrusion molding apparatus 1 
according to this invention, a highly homogeneous ceramic 
material 18 can be molded by extrusion. The ceramic 
15 molded product 18 thus extrusion-molded has a superior 

quality with a high homogeneity. The partitioning walls 
81 arranged in honeycomb form, even if as thin as 75 urn, 
are rarely deformed by strain or the like. 

As shown in Fig. 5, the displacement angle Rg (Fig. 
20 3) of the second leads 421 along the peripheral direction 
may be set to 3 0 degrees to reduce the size of the gap 44 
(Fig. 3). In this case, the uneven portion of the 
ceramic material 80 generated along the first lead 
surface 416 of the first lead 411 is separated by the 

2 5 second leads 421 at the rear end 4 22 of the dispersing 

screw portion 420 into the flow along the second lead 
surfaces 426 and the flow along the reverse surfaces 424 
thereof . 

The extrusion molding apparatus 1 according to this 

3 0 embodiment may further comprise a screw extruder 98 (Fig. 

17) above the screw extruder 4 described above to make a 
double-stage configuration, as shown in Fig. 4. 

In this case, a more homogeneous ceramic molded 
product 8 can be produced by extrusion molding by 
3 5 supplying a more homogeneous ceramic material 80 to the 
lower screw extruder 4. This ceramic molded product 8 
has a superior quality substantially free of distortion. 
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(Second embodiment) 

According to this embodiment, differently-shaped 
portions having a surface shape different to the 
surrounding portion are added to the surface of the 
dispersing screw portion of the extrusion molding 
apparatus according to the first embodiment. 

In a dispersing screw portion 420 according to this 
embodiment, as shown in Fig. 6, a differently-shaped 
portion is arranged on the second lead surfaces 426 of 
the second leads 421. The differently-shaped portions 
according to this embodiment, as shown in Fig. 6, are a 
plurality of depressions 428 having a substantially 
semicircular cross section formed inward. The 
depressions 428, as shown in Fig. 7, assume the shape of 
15 grooves longer in the direction substantially 

perpendicular to the spiraling direction of the second 
lead 421 of the dispersing screw portion 420, i.e. the 
direction of the flow of the ceramic material 80. 

The depressions 428 generate a turbulent flow in the 
ceramic material 80 flowing in the dispersing screw 
portion 42 0, as shown in Fig. 8, and thus promote the 
mixing of the ceramic material 80. Specifically, the 
depressions 428 can exhibit the effect of making uniform, 
by dispersing, the uneven portion of the ceramic material 
80 generated in the pressing screw portion 410. 

Also, the depressions 428 formed on the second lead 
surfaces 426 of each second lead 421 in the forward 
direction of extrusion can suppress the generation of the 
uneven portion in the dispersing screw portion 420. 

As described above, the extrusion molding apparatus 
according to this embodiment has a still higher effect of 
homogenizing the ceramic material 80 in the dispersing 
screw portion 420. As a result, the ceramic molded 
product 8 extrusion-molded by this extrusion molding 
35 apparatus has a still higher quality of homogeneity and 
is less liable to be deformed. 

The other configuration and operational effects are 
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similar to those of the first embodiment. 

According to this embodiment, the grooved 
depressions 428 are formed to extend in the direction 
substantially perpendicular to the flow of the ceramic 
5 material 80 in the dispersing screw portion 420. As an 
alternative, the depressions 428 are also effectively 
formed at an angle to the direction of flow of the 
ceramic material 80. 

in the case where the angle Rl formed between the 
10 longitudinal direction of the depression 428 and the 

direction of flow of the ceramic material 80 is increased 
beyond 90 degrees, as shown in Fig. 9, the ceramic 
material 80 located on the outer peripheral side is 
positively introduced to the inner peripheral side and 
15 thus the mixing of the ceramic material 80 can be 

promoted. Also, in the case where the angle Rl between 
the longitudinal direction of the depression 428 and the 
direction of flow of the ceramic material 80 is decreased 
below 90 degrees, as shown in Fig. 10, the ceramic 
20 material 80 located on the inner peripheral side is 

introduced positively to the outer peripheral side and 
therefore the mixing of the ceramic material 80 is 
promoted . 

Also, depressions 428 extending from the second lead 
25 surface 426 to the surface of the valley 427 can be 

formed. Further, depressions 428 can be formed on the 
reverse side 424 of each second lead surface 426. 

Furthermore, the shape of the cross section of each 
depression 428 can be substantially rectangular instead 
30 of substantially semicircular as in this embodiment. 

As shown in Fig. 11, the cross section of the 
depressions 428 is also effectively shaped in such a 
manner that the radius of curvature of the arc of the 
cross section on the inflow side of the ceramic material 
35 80 is increased, while the radius of curvature of the 

sectional arc on the outflow side of the ceramic material 
80 is decreased. In such a case, the flow of the ceramic 
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material 80 in the depressions 428 is smooth and the 
stagnation of the flow in the depressions 428 can be 
suppressed while at the same time maintaining the high 
effect of dispersing the ceramic material 80. 
5 Further, as shown in Fig. 12, it is also effective 

to arrange depressions 428, each in the form of two 
grooved depressions superposed one on the other. In this 
case, the ceramic material 80 on the inner peripheral 
side can be led to the outer peripheral side, and vice 
10 versa. In this way, the ceramic material 80 on both 

inner and outer peripheral sides can be mixed with each 
other for a further improved dispersion effect. 

In place of the depressions 428, protrusions (not 
shown) may be formed. In forming protrusions, the same 
15 variations of the shape of the cross section, the 

superposition of the protrusions, etc. are conceivable as 
in the case of the depressions 428. 

Furthermore, according to this embodiment, the 
differently-shaped portions are arranged only in the 
20 dispersing screw portion 420. Nevertheless, the 

differently-shaped portions can, alternatively, be 
arranged in the pressing screw portion 410. In this 
case, the uneven portion of the ceramic material can be 
prevented from developing in the pressing screw portion 
25 410. 

(Third embodiment) 

This embodiment represents a case in which a 
through-hole is added to the second lead as a 
differently-shaped portion in the dispersing screw 

30 portion of the extrusion molding apparatus according to 
the first embodiment. 

In the dispersing screw portion 420 according to 
this embodiment, the second leads 421 are provided with 
through-holes 429 passing through the second leads 421 

35 while at the same time opening to the second lead 

surfaces 426 and the reverse sides 424 of the surfaces 
426, as shown in Fig. 13. 
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This through-holes 429 are arranged in such a manner 
that the angle R2 formed between the direction in which 
the through-holes are formed and the direction in which 
the second leads 421 are spiraled is substantially at 
right angles to each other. In other words, the through- 
holes 429 are arranged in the direction substantially at 
right angles to the flow of the ceramic material 80 in 
the dispersing screw portion 420. 

The through-holes 429, as shown in Fig. 14, permit 
the ceramic material 80 on the second lead surface 426 
side of the dispersing screw portion 420 to mix with the 
ceramic material 80 on the reverse side 424 thereof. 

The second lead surfaces 426 of the second leads 421 
are so configured as to advance the ceramic material 80 
15 forward, and the density of the ceramic material 80 is 
high on, and in the neighborhood of, the second lead 
surfaces 426. On the reverse sides 424 of the second 
lead surfaces 426, on the other hand, the density of the 
ceramic material 80 is relatively low. 
20 Thus, the through-holes 429 can promote the positive 

mixing between the high-density ceramic material 80 and 
the low-density ceramic material 80, thereby making it 
possible to efficiently disperse and homogenize the 
ceramic material 80 . 
25 as described above, with the dispersing screw 

portion 42 0 according to this embodiment, the high- 
density ceramic material 80, on and in the neighborhood 
of, the second lead surfaces 426 and the low-density 
portion on, and in the neighborhood of, the reverse sides 
3 0 424 can be positively mixed with each other. Therefore, 
the ceramic material 80 can be dispersed more 
efficiently. 

In the extrusion molding apparatus according to this 
embodiment, therefore, a homogeneous ceramic material 80 
35 can be molded by extrusion and a ceramic molded product 8 
having a superior quality free of distortion can be 
produced by extrusion molding. 



The other aspects of the configuration and the 
operational effects are similar to those of the first 
embodiment . 

The through-holes 4 29 according to this embodiment 
are formed substantially at right angles to the second 
lead surface 426 of the second lead 421, as shown in Fig. 
14. As shown in Fig. 15, on the other hand, the angle R2 
formed between the second lead surface 42 6 and the 
direction in which the through-holes 429 are formed may 
be set to a steep angle. In this case, the dispersion 
effect can be improved by increasing the amount of the 
ceramic material 80 introduced into the through-holes 
429. 

in the case where the angle R2 is set to an obtuse 
angle, on the other hand, the dispersion effect can be 
produced while at the same time maintaining the power of 
the dispersing screw portion 420 to propel the ceramic 

material 80. 

The other aspects of the configuration and the 
operational effects of this embodiment are similar to 
those of the first embodiment. 

According to this invention, the dispersing screw 
portion includes a thread of the second lead. The second 
lead is preferably displaced by 10 to 350 degrees in the 
peripheral direction of rotation of the extruding screw 
with reference to the position where the second lead 
surface at the rear end portion coincides with any one of 
the first lead surfaces at the forward end of the first 
lead . 

in this case, the second lead surface at the rear 
end of the one thread of the second lead and the first 
lead surface at the forward end of the first lead can be 
positively displaced. By displacing the second lead 
surface and the first lead surface in this way, the 
operational effects of the invention described above can 
be exhibited more properly. 

The second lead of a single thread described above 



is formed in such a manner as to coincide with the 
original position when displaced by 360 degrees. For 
this purpose, the angular range described above is set to 
a proper value between not smaller than 0 degree and 
smaller than 360 degrees. As a result, this angular 
range plus an integer multiple of 360 degrees is 
equivalent to the particular angular range. 

in the case where the angle by which the second lead 
is displaced is not smaller than 0 degree but smaller 
than 10 degrees or larger than 350 degrees but smaller 
than 360 degrees, the gap between the first lead surface 
of the first lead and the second lead surface of the 
second lead is insufficient, and the ceramic material 
probably fails to exhibit a sufficient dispersion effect. 

More preferably, the second lead is displaced by 30 
to 90 degrees or 270 to 330 degrees in the peripheral 
direction of rotation of the extruding screw. In such a 
case, the ceramic material is sufficiently mixed and the 
homogeneity thereof can be further improved. 

The dispersing screw portion has two threads of the 
second leads. The second leads are preferably arranged 
displaced by 10 to 17 degrees in the peripheral direction 
of rotation of the extruding screw with reference to the 
position where any one of the second lead surfaces at the 
rear end coincides with any one of the first lead 
surfaces at the forward end of the first lead. 

in this case, the second lead surface at the rear 
end of the second lead having two threads and the first 
lead surface at the forward end of the first lead can be 
positively displaced. By displacing the second lead 
surface and the first lead surface in this way, the 
operational effects of the invention can be exhibited 
more properly. 

The two threads of the second leads are formed at an 
interval of 180 degrees from each other. The above- 
mentioned angular range, therefore, represents a 
desirable one between not smaller than 0 degree and 
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smaller than 180 degrees. Therefore, the aforementioned 
angular range plus an integer multiple of 180 degrees is 
equivalent to the particular angular range. 

In the case where the angle by which the second lead 
5 is displaced is not smaller than 0 degree but smaller 

than 10 degrees, or larger than 170 degrees but smaller 
than 180 degrees, the gap between the first lead surface 
of the first lead and the second lead surface of the 
second lead is insufficient, and the dispersion effect 
10 for the ceramic material may not be fully exhibited. 

More preferably, the second lead is displaced by 30 
to 70 degrees or 110 to 150 degrees in the peripheral 
direction of rotation of the extruding screw. In this 
case, the ceramic material is sufficiently mixed for a 
15 still higher homogeneity. 

The dispersing screw portion described above has 
three threads of the second leads. The second leads are 
preferably located displaced by 10 to 110 degrees in the 
peripheral direction of rotation of the extruding screw 
2 0 with reference to the position where any one of the 

second lead surfaces at the rear end and any one of the 
first lead surfaces at the forward end of the first lead 
coincide with each other. 

In this case, the second lead surface at the rear 
25 end of the first lead and the first lead surface at the 
forward end of the first lead can be positively 
displaced. By displacing the second lead surface and the 
first lead surface in this way, the operational effects 
of the invention can be exhibited more properly. 
30 The three threads of the second lead are formed at 

intervals of 120 degrees from each other. A preferable 
angular range, therefore, is between not smaller than 0 
degree and smaller than 120 degrees. This angular range 
plus an integer multiple of 120 degrees and, therefore, 
35 is equivalent to the particular angular range. 

In the case where the angle by which the second lead 
is displaced is not smaller than 0 degree but smaller 
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than 10 degrees, or larger than 110 degrees but smaller 
than 120 degrees, then, the gap between the first lead 
surface of the first lead and the second lead surface of 
the second lead is insufficient, and a sufficient 
5 dispersion, of the ceramic material, may not be obtained. 

More preferably, the second lead is displaced by 30 
to 40 degrees or 80 to 90 degrees in the peripheral 
direction of rotation of the extruding screw. In this 
case, the ceramic material is sufficiently mixed for a 
10 further improved homogeneity. 

According to this invention, the differently-shaped 
portion is preferably a protrusion higher than the 
surrounding area or a depression deeper than the 
surrounding area. 
15 m this case, the flow of the ceramic material in 

the dispersing screw portion can be efficiently 
disturbed. The resulting turbulent flow of the ceramic 
material promotes the mixing of the ceramic material and 
can disperse the uneven portion thereof. 
20 In view of the fact that protrusions or depressions 

are formed on the second lead surface, the reverse side 
thereof or the surface of each valley between adjacent 
ones of the second leads, the uneven portion of the 
ceramic material is prevented from being formed in the 
25 dispersing screw portion. 

The protrusions or the depressions may have various 
shapes of the cross section, including a rectangle, a 
semicircle and a combination of an arc and a straight 
line. In the case of a rectangle, the flow of the 
30 ceramic material is disturbed very effectively and 
therefore the ceramic material can be efficiently 
dispersed. In the case where the cross section is 
semicircular, the stagnation of the ceramic material 
around each protrusion or in each depression can be 
35 suppressed. In the case where the shape of the cross 

section is a combination of an arc and a straight line, 
on the other hand, the ceramic material may be prevented 
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from stagnating while at the same time it mixes 
efficiently. 

The differently-shaped portion is preferably formed 
at least on the second lead surface. 
5 in this case, the ceramic material is mixed on or in 

the neighborhood of the second lead surface having a 
large friction with the ceramic material and therefore 
can be efficiently dispersed. 

Also, a new uneven portion is prevented from being 
10 generated along the second lead surface. 

Further, the differently-shaped portion preferably 
is a through-hole which opens to the second lead surface 
of the second lead on the one hand and to the reverse 
side of the second lead through the second lead on the 
15 other. 

In this case, the flow of the ceramic material along 
the second lead surface can be separated into the flow 
directly advancing along the second lead surface and the 
flow moving to the reverse side via the through holes. 
20 in this way, the ceramic material on the second lead 

surface and the ceramic material on the reverse side of 
the second lead, which otherwise might never be mixed 
with each other, can be positively mixed with each other. 

The ceramic material on the second lead surface is 
2 5 high in both pressure and density, while the ceramic 
material on the reverse side thereof is low in both 
pressure and density. Mixing these two types of ceramic 
materials with each other, therefore, effectively 
contributes to the uniformity of the ceramic material as 

30 a whole. 

Thus, the through-holes can still more efficiently 
disperse the uneven portion of the ceramic material in 
the pressing screw portion. 

Also, the through holes of the dispersing screw 
35 portion can substantially prevent a new uneven portion 
from being generated along the second lead. 

According to this invention, the shaping die 
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described above is for producing a ceramic molded product 
having a honeycombed structure in which the partitioning 
walls making up a multiplicity of cells formed in an 
axial direction are arranged in the form of honeycomb. 
The thickness of the partitioning walls of the ceramic 
molded product is preferably not larger than 100 \xm. 

In the case where the thickness of the partitioning 
walls of the ceramic molded product is not more than 100 
Mm, the ceramic molded product is liable to be deformed 
by the distortion caused by the unevenness of the ceramic 
material making up the ceramic molded product, and 
therefore the operational effects of the invention are 
especially conspicuous. 

Also, the shaping die described above is intended to 
produce a sheet-like ceramic molded product, and the 
thickness of the ceramic molded product is preferably not 
more than 100 urn. 

In the case where the thickness of the ceramic 
molded product is not more than 10 0 um, the ceramic 
molded product is liable to be deformed by the distortion 
caused by the unevenness of the ceramic material making 
up the ceramic molded product, and therefore the 
operational effects of the invention are especially 
conspicuous . 

While the invention has been described by reference 
to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous 
modifications could be made thereto by those skilled in 
the art without departing from the basic concept and 
scope of the invention. 



